Introduction: Research on the workplace has emphasized the effects of noise exposure on workers' hearing, but has not considered the effects of agrochemicals. Aim: To evaluate and correlate the hearing level and tinnitus of workers exposed simultaneously to noise and organophosphates in their workplace and to measure tinnitus distress on their quality of life. Method: A retrospective clinical study. We evaluated 82 organophosphate sprinklers from the São Paulo State Regional Superintendence who were active in the fight against dengue and who were exposed to noise and organophosphates. We performed pure tone audiometry and applied the translated THI (Tinnitus Handicap Inventory) questionnaire. Results: Of the sample, 28.05% reported current tinnitus or had presented tinnitus, and the workers with tinnitus had an increased incidence of abnormal audiometry. The average hearing threshold for the 4-8-kHz frequency range of the workers with current tinnitus was higher than that of the others, and was most affected at the 4-kHz frequency. The THI score ranged 0-84, with an average score of 13.1. Twelve (52.17%) workers had THI scores consistent with discrete handicap. Conclusion: There is an increased incidence of abnormal pure tone audiometry in workers with tinnitus, and its impact on the workers' quality of life was discrete. The correlation between average hearing threshold and tinnitus distress was weak.
INTRODUCTION
Occupational exposure to agrochemicals in recent decades has increased based on the need for the management of vectors [1] that are difficult to control and that are responsible for the onset of diseases.
Chemical control of such vectors is one of the methods used by government agencies to prevent the spread of epidemics such as dengue, yellow fever, Chagas' disease, and leishmaniasis, among others; agrochemical sprinklers are the professionals responsible for implementing this measure (1) .
The configuration of the hearing loss caused by industrial chemicals such as agrochemicals can be very similar to that observed for ototoxic drugs such as aminoglycosides and cisplatin, and that related to noise.
The usual descriptors of these disorders are very similar: sensorineural hearing loss of 3-6 kHz, with lesions mainly on cochlear hair cells, bilateral, symmetrical, and irreversible (2).
In the literature, studies about the effects of agrochemical exposure on hearing are very rare (3) . Therefore, further research is necessary to improve understanding of the combined effects of noise and chemicals on hearing. A greater understanding of the effects of combined exposure would allow the development of more effective prevention strategies against hearing loss (4) .
There is evidence that chronic exposure to agrochemicals induces peripheral and central auditory damage, and in cases of combined exposure, noise is a factor that interacts with the agrochemicals, increasing its ototoxic effects, especially at the peripheral level (3) .
Combined exposure to noise and chemicals produces significantly greater hearing loss than exposure [1] Disease agents.
to a single agent; a synergistic effect is observed in combined exposure (5,6,7).
A cross-sectional prevalence study conducted with 98 agrochemical sprinklers, who worked in campaigns to prevent dengue, yellow fever, and Chagas disease, aimed to estimate the incidence of hearing loss in this population. There was a 63.8% prevalence of hearing loss in workers exposed to agrochemicals only and 66.7% prevalence in those with simultaneous exposure to agrochemicals and noise. It was verified that the level of hearing loss and extent of the frequency range effect were greater in the combined exposure group (8) .
A high prevalence of auditory and vestibular complaints were observed in a study performed with 50 rural workers exposed to organophosphates, suggesting that these substances can affect these systems due to their ototoxic and neurotoxic actions. The authors found that 54% of the workers presented tinnitus (9) .
We may emphasize tinnitus among the effects resulting from hearing loss, which apart from causing problems in the workplace, also has a negative impact on workers' quality of life and those around them (10).
Chronic tinnitus (called "ringing") is a very common audiological symptom (affecting 5-15% of the population) characterized by an auditory perception unrelated with any physical source (11) . This first symptom is a warning of excessive exposure to sound stimulation and may indicate increased susceptibility to damage caused by noise, and is a major symptom in preventing noiseinduced hearing loss and one of the main predictive factors of handicap in workers exposed to noise (12) . Excessive exposure to noise is a major risk factor for hearing loss and tinnitus, followed by age and gender (13) .
Tinnitus (ringing or roaring in the ears) is a highly non-specific symptom affecting a considerable number of the adult population; it is often, but not always, associated with hearing loss of variable degree, and can be frequently considered an expression of cochlear disorder (14) .
As there is no objective method for detecting the presence of tinnitus, nor for determining the severity of the symptoms, the use of questionnaires to assess patients with tinnitus is essential (15) . These questionnaires, assessing functional effects, are composed of several items that measure the impact of tinnitus on various aspects of daily life (16) . According to some authors, their use ensures greater reliability in the evaluation of tinnitus in comparison with other methods (17) .
One of these questionnaires is the Tinnitus Handicap Inventory (THI) proposed by Newman et al. (13) and later translated to Portuguese (18) . The selection of the THI (19) was due to its confidence, ratified by high internal consistencies (13, 20) . Its application is easy, fast (approximately 5 minutes), and reproducible (copyright is not reserved) (13) .
This study aimed to evaluate and correlate the hearing level and tinnitus of workers exposed simultaneously to noise and organophosphates in their workplace and to measure tinnitus distress on their quality of life.
METHOD
This study was developed in the Department of Audiology of the Center of Studies of Education and Health, College of Philosophy and Sciences, UNESP, Marília, and was authorized by the institution's Ethics and Research Committee (protocol number 0179/ 2010). All participants signed a consent form agreeing to participate.
Ten years ago, the center developed a partnership with the Superintendence of Endemic Disease Control (SUCEN), the local authority linked to the São Paulo State Health Secretary, with the purpose of performing annual audiological evaluations in organophosphate sprinklers in this region. As their main task, these workers carry out vector control using chemical products, namely organophosphates (1). To perform their activities to combat endemic vectors, dengue, and yellow fever, they use Malathion ® , an organophosphate that is known to be toxic to humans and carcinogenic to animals (8) . They use a costal motor sprayer 3-4 hours a day, which emits a noise equivalent to 98.5 dB (A) (1).
The study was conducted with 82 male workers aged 30 and 59 years who had performed this function over a period ranging 1-24 years (mean 15 years).
The data for this study were collected from May to August in 2010. The study was performed with SUCEN workers active in the fight against dengue who were exposed to noise and organophosphates. Exclusion criteria were alterations to otoscopic inspection that prevented procedures from being performed, presence of conductive or mixed hearing loss (21) , type B tympanograms (23) , and one of the procedures not being performed.
First, we performed an audiological clinical history. The translated THI (18) was applied when workers reported tinnitus. Developed by Newman et al. in 1996 (13), the questionnaire comprises 25 questions that can be answered with "yes" (4 points), "no" (0 points), or "sometimes" (2 points), with a score ranging 0-100; the higher the score, greater the impact of tinnitus on the respondent's quality of life. The final score classifies the tinnitus handicap as discrete (0-16 points), mild (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) , moderate (38-56), severe (58-76), and catastrophic (78-100).
Then, we carried out basic audiological evaluation composed of pure tone audiometry and tympanometry. The pure tone audiometry was performed in a soundisolated booth using a GSI-61 audiometer (GrasonStadler) with TDH-50 supra-aural earphones. The clinical pure tone threshold was tested in the frequency range of 0.25-8 kHz. When the threshold found was 25 dB or greater, we performed bone conduction testing in the 0.5-4-kHz frequency range. The examinations were performed at least 14 hours after the hearing rest. The audiograms were classified based on Ordinance 19 of the Ministry of Labor (22) . Given the preventive nature of this technical standard, subjects whose audiogram revealed a hearing threshold of 25 dB (HL) or less at all frequencies evaluated are considered to be within normal limits. Based on the recommendation of this ordinance, average pure tone thresholds at 0.5, 1, and 2 kHz and averages at 3, 4, and 6 kHz were used for the audiogram analysis (22) .
We used a GSI-38 (Grason-Stadler) with a lowfrequency probe tone such as 226 Hz to perform the tympanometry. After sealing the ear canal, we carried out the tympanometry, a dynamic measurement of the acoustic impedance that verifies the level of mobility of the tympanic-ossicular system. The results were analyzed and classified based on JERGER (23) to fulfill the exclusion criteria.
Statistical analysis was performed to analyze the relation between the variables: the average of the pure tone threshold of the right and left ears and the extent of tinnitus handicap as classified by NEWMAN et al. (13) was determined using Spearman's rank correlation coefficient in STATISTICA version 7.0. The level of significance (p-value) was 0.05. Correlation is a measure of the relation among 2 or more variables. Correlation coefficients can range from -1 to +1. A value of -1 represents a perfect negative correlation and +1 represents a perfect positive correlation. The value of 0 represents no correlation.
RESULTS
To analyze the results, the sample was divided into 2 groups according to the presence or absence of tinnitus.
Group I was composed of 23 (28.05%) workers with a mean age of 47 years who complained of tinnitus, and group II was composed of 59 (71.95%) workers with a mean age of 45 years and without tinnitus.
The most frequent tinnitus characteristics (Table  1) in group I were bilateral (43.48%) and intermittent (65.2%).
The relation between tinnitus and hearing loss (Table 2) showed that workers with tinnitus had a higher incidence of abnormal pure tone audiometry (60.87%).
We analyzed the average threshold of pure tone audiometry for group I (Figure 1 ) and observed that the thresholds in the 4-8-kHz frequency range were higher than that in the others, and were most affected at the 4-kHz frequency.
While investigating the tinnitus handicap in group I, the THI score ranged 0-84, with an average score of 13.1. Twelve (52.17%) workers had THI scores consistent with discrete handicap (Figure 2) .
Analysis of the relation between the variables right and left ear average threshold and tinnitus distress measured by the THI were conducted using Spearman's rank correlation coefficient. The right and left ear average threshold and THI score revealed a weak positive correlation, and this tendency was statistically significant ( Table 3) .
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DISCUSSION
Tinnitus is a prevalent problem that remains poorly understood by health professionals. It is a global problem that affects millions of people (24) .
In the United States, approximately 50 million adults have tinnitus, and the general prevalence of this symptom in the country is 25.3%. The prevalence of persistent tinnitus is higher among older adults (peak of incidence between 60 and 69 years), non-Hispanic whites, ex-smokers, and hypertensive individuals with hearing loss, exposure to loud sounds, or generalized anxiety disorder (25) .
This study showed that 28.05% of the workers evaluated had tinnitus. This rate is similar to that described by authors who conducted studies with the same population (6, 8, 25, 26) , but is below that described in farmers exposed to organophosphates (9, 27) .
A study verified a significant increase in the probability of individuals with hearing loss at high frequencies (3, 4, 6 , and 8 kHz) or at low-medium frequencies (0.5, 1, and 2 kHz) having persistent tinnitus when compared to individuals without hearing loss. In individuals with low-medium-or high-frequency hearing loss, noise exposure has been associated with a greater chance of developing persistent tinnitus (25) . A cross-sectional prevalence study, conducted with 98 agrochemical sprinklers who worked in campaigns to prevent dengue, yellow fever, and Chagas disease, aimed to estimate the incidence of hearing loss in this population. There was a 63.8% prevalence of hearing loss in workers exposed to agrochemicals only and 66.7% prevalence in those exposed simultaneously to agrochemicals and noise.
A Program of Tinnitus Evaluation and Rehabilitation of a tertiary hospital in Singapore evaluated 327 patients, verifying that the majority (82.6%) had hearing loss and that it was bilateral in 74% at frequencies between 3 and 8 kHz (24) .
In this study, we observed that the average hearing threshold in workers with hearing loss at the frequencies between 4 and 8 kHz were higher than that in the others, and that the 4-kHz hearing threshold was the most severely affected. A previous study in a similar population reported the presence of hearing loss at frequencies between 3 and 8 kHz (6, 26) . Another study observed hearing loss in the frequency range between 2 and 8 kHz, and hearing loss average values increased from 2-6-kHz frequencies and decreased at 8 kHz when compared to 6 kHz (8).
The audiological findings of hearing loss caused by occupational chemical exposure do not differ from noise-induced hearing loss in terms of audiometric configuration. Perhaps this practically identical configuration can justify why this important issue has been neglected for many years. The greatest damage usually occurs at 4 kHz, and the higher and lower frequencies are affected more slowly than that within the 3 and 6 kHz range (4).
In a study with workers exposed to several types of agrochemicals, including organophosphates, 2 groups of 42 men were formed (a group composed of agriculture workers with at least 15 years' experience and another composed of workers without agrochemical exposure and without hearing loss history). The results showed that 60% of the workers exposed to agrochemicals had a lowered hearing threshold, and that 23 of them had bilateral sensorineural hearing loss. The workers with abnormal hearing thresholds exhibited a decrease in the 3-6-kHz frequency range; however, alterations were also observed at frequencies of 1, 2, and 8 kHz (27) .
Tinnitus is a highly non-specific symptom affecting a considerable part of the adult population; it is often, but not always, associated with hearing loss of variable degree, and can be frequently considered an expression of cochlear disorder (14) .
Tinnitus is followed by outer hair cell damage, which can be very limited, and can occur in individuals with a normal audiometric threshold (11) .
Several studies have demonstrated a link between hearing loss and tinnitus. However, there has been no systematic evaluation of the link between perceived tinnitus distress and underlying hearing loss. The underlying hearing loss can be a significant factor in the perception of the distress (29).
Patient distress is a very subjective symptom and frequently depends on external and psychological factors beyond the negative assigned to that of tinnitus (28) . The use of an instrument to assess the quality of life of individuals with tinnitus is crucial to choose better treatment and monitoring.
The inclusion of psychometrically robust self-report measures of perceived activity limitation/participation restriction in clinical protocols will continue to prove invaluable in audiological, otologic, and neurotologic clinical practice (30) .
This study investigated the tinnitus handicap and the THI score ranged 0-84, with an average score of 13.1. Twelve (52.17%) workers had THI scores consistent with discrete handicap. The low handicap found in these workers can be explained by the fact that their tinnitus was intermittent.
A study with similar results reported that the average THI score was 12.3, and regarding classification, tinnitus in 73.3% of the individuals was insignificant, while that 20% was mild, and 6.7% was moderate. The author justified these findings with the fact that the data were not selected from a specialized medical service, nor had the subjects received any kind of tinnitus treatment. Thus, the author affirmed that the individuals of the study presented low distress caused by tinnitus and demonstrated their ability to change the focus of attention in their daily activities (31) .
In a study conducted in a Program of Tinnitus Evaluation and Rehabilitation, researchers applied the THI and found that the score in 33% of patients was compatible with no handicap, while that in 31% was mild, 18% was moderate, and 19% was severe (24) .
Another study using the THI observed that the score for all subjects ranged 0-88 (standard deviation +20.0). The authors reported that both hearing loss and tinnitus were "impairments" resulting from loss or a b n o r m a l i t i e s o f f u n c t i o n o f t h e c o c h l e a , vestibulocochlear nerve, or the central auditory pathways. Both these symptoms tended to restrict normal activity (29).
Individuals with tinnitus may suffer several degrees of distress, and this may have a higher or lower impact on the quality of life. Two important factors are related to tinnitus and should be differentiated: the intensity of the tinnitus signal and the severity of the symptom (the distress it causes to the patient's life). The present study agreed with another study that the THI total score can serve as a robust measure of tinnitus distress (32) .
The correlation between the right and left ear average threshold and tinnitus distress on quality of life using the THI score revealed a weak positive correlation; there was a tendency for threshold values to increase along with the THI scores, and this tendency was statistically significant.
One study showed that the relationship between the THI score and hearing threshold of the better ear was weak (32) .
In the literature, there is no agreement on the link between THI score and hearing threshold. Some studies have demonstrated that there is no correlation between tinnitus severity and hearing loss (24, 28) , but others have confirmed this relationship (33, 34) .
The correlation between degree of hearing loss and tinnitus distress is related to the way the patient faces his tinnitus, rather than to any physical or anatomical measure (28) .
CONCLUSIONS
This study concluded that there is an increased incidence of abnormal pure tone audiometry in workers with tinnitus who are exposed to noise and organophosphates, the hearing thresholds between 4 and 8 kHz were higher than that for other frequencies, and the 4-kHz frequency was the most affected.
The impact of tinnitus on the workers' quality of life was discrete. The correlation between the average hearing threshold and tinnitus distress was weak, and there was a tendency for threshold values to increase along with THI scores.
